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Abstract
Objectives
Occupational groups exposed to high occupational physical activity have an increased risk
for cardiovascular disease (CVD). This may be explained by the high relative aerobic work-
load. Enhanced cardiorespiratory fitness reduces the relative aerobic workload. Thus, the
aim was to evaluate the 12-months effects of worksite aerobic exercise on risk factors for
CVD among cleaners.
Methods
One hundred and sixteen cleaners aged 18–65 years were randomized to a group perform-
ing aerobic exercise and a reference group receiving lectures. Outcomes were collected at
baseline and after 12-months. A repeated measures 2×2 multi-adjusted mixed-model
design was applied to compare the between-group differences using intention-to-treat
analysis.
Results
Between-group differences (p<0.05) were found favouring the aerobic exercise group:
cardiorespiratory fitness 2.15 (SE 1.03) mlO2/min/kg, aerobic workload -2.15 (SE 1.06) %
HRR, resting HR -5.31 (SE 1.61) beats/min, high sensitive C-reactive protein -0.65 (SE
0.24) μg/ml. The blood pressure was unaltered. Stratified analyses on relative aerobic work-
load at baseline revealed that those with relative aerobic workloads30% of HRR seems to
impose a notable adverse effect on resting and ambulatory blood pressure.
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Conclusion
This long-term worksite aerobic exercise intervention among cleaners led to several beneficial
effects, but also potential adverse effects among those with high relative aerobic workloads.
Trial Registration
Controlled-Trials.com ISRCTN86682076
Introduction
Individuals exposed to high occupational physical activity (OPA) suffer from an elevated inci-
dence of cardiovascular disease (CVD) [1]. Cleaners are exposed to high OPA [2–5] consisting
of working while being at one’s feet (standing, walking) [3–5] combined with frequent static
working postures especially using the upper extremities (pushing/pulling the chart/mopping
the floor) [3,4,6].
An explanation for the high incidence of CVD among cleaners [7,8] may be the combina-
tion of high OPA and a low cardiorespiratory fitness, generating a high relative aerobic work-
load [2–4,9,10]. A physical work task will expose a worker with a high cardiorespiratory fitness
to a lower relative aerobic workload than a worker with a low cardiorespiratory fitness
[9,11,12]. As cleaners generally have low cardiorespiratory fitness and high OPA [5,10,12],
they are exposed to moderate to high aerobic workloads throughout the majority of their work-
ing time [2–5,10,12]. Long-term exposure of moderate to high relative aerobic workloads may
lead to increased risk of CVD [13,14] due to the proposed harmful stress on the arterial endo-
thelia [15].
Therefore, it is relevant to aim for a lowered risk for CVD among cleaners, i.e. by reducing
the aerobic workload. A reduction of the aerobic workload may be achieved by an enhanced
cardiorespiratory fitness [9,11,12]. Another benefit of an enhanced cardiorespiratory fitness is
preservation of the cardiovascular health, as seen in general populations [16,17], but also
among workers exposed to high OPA [18–21].
Recently, we performed a worksite intervention with aerobic exercise among cleaners. At
4-months follow-up the analysis showed that the cardiorespiratory fitness was enhanced, and
the aerobic workload during cleaning, resting heart rate (RHR), sleeping heart rate (SHR) [10]
and level of inflammation evaluated by high sensitive C-reactive protein (hsCRP) were reduced
[22]. All of these results contribute to a lowering of the risk for CVD. However, also an increase
in systolic blood pressure (BP) was found at 4-months follow-up [10,23]. This finding may be a
significant adverse effect on CVD health, but also a transient physiological effect. Therefore, it
is necessary to investigate the long-term effects from the intervention.
The main aim of this paper was therefore to evaluate the effects on risk factors for CVD
from a cluster-randomized controlled trial among cleaners with worksite aerobic exercise after
12-months follow-up. We hypothesized that the worksite aerobic exercise intervention would
enhance the cardiorespiratory fitness, reduce the aerobic workload, RHR, SHR, and level of
inflammation evaluated by hsCRP. Additionally, the BP was hypothesised to be unaltered.
Methods
Study design
The study design has previously been described [24]. Briefly, the study was conducted as a clus-
ter-randomized controlled trial with an aerobic exercise and a reference group. The intervention
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was divided into two phases with different aims. The first intervention phase, from baseline to
4-months follow-up, evaluated the efficacy of the intervention on risk factors for CVD
[10,22,23]. The second intervention phase from 4-months to 12-months follow-up evaluated the
long-term effects. Outcomes were measured at baseline, 4-months after baseline and 12-months
after baseline [24]. The present paper reports the results from baseline to 12-months follow-up
on risk factors for CVD.
The study was approved by the Danish data protection agency and the Ethics Committee
for the regional capital in Denmark (journal number H-2-2011-116) by November 10th 2011
and was conducted in accordance with the Helsinki declaration. The study was registered as
ISRCTN86682076 in the Current Controlled Trials (http://www.controlled-trials.com/
ISRCTN86682076). Before the etichs approval were obtained the preparation for the study, e.g.
literature reviews for gaining knowledge of the latest validated monitors for diurnal measure-
ments, were conducted.
Recruitment of worksites and study participants
Cleaning companies in the suburban area of Copenhagen, Denmark, were recruited. Recruit-
ment took place by directly telephoning or emailing the management of cleaning companies
during the autumn of 2011, and was terminated by the last information meeting at May 15th
2012. The recruitment of the companies and participants took place before the study was
registred due to prolonged pilottesting of the diurnal measurements. If the management
showed an interest in taking part in the project, a project meeting was arranged. If collabora-
tion was confirmed, all employees were invited to an information meeting. The information
meetings took place at the first company at November 22nd 2011 and November 25th 2011, at
the second company at May 15th 2012 and at the third company at June 22nd 2012. At the
information meeting the employed cleaners filled in a screening questionnaire, collecting back-
ground information such as ethnicity, smoking status and job seniority. Additionally, the
cleaners were asked if they wanted to participate in the study.
At company level, inclusion criteria were: More than 50 employed cleaners and manage-
ment’s permission for cleaners to participate in the project activities during paid working time.
At participant level, inclusion criteria were: age between 18 and 65 years, employment as clean-
ing assistant for more than 20 hours per week, and signed informed consent to participate in
the study. The only exclusion criterion for participating in the intervention was pregnancy.
However, the following conditions excluded participation in the specific physical capacity tests:
Congestive heart failure, hospital admission for myocardial infarction or acute coronary syn-
drome within the last two years, angina pectoris, severe hypertension ( 160 / 100 mmHg),
serious or chronic illness, severe trauma, frequent migraine, and fever on the day of testing.
Allergy to adhesive plasters excluded participation in diurnal heart rate (HR) measurements.
Randomization
Randomization was performed at cluster-level, a cluster was set within strata, and stratums
were formed according to which manager the participant reported to. Clusters were balanced
on geographical work location, gender, age and job seniority. To minimize imbalance across
several strata, the clusters were paired according to number of participants, gender, age and job
seniority, within each stratum. The randomization was carried out by a researcher blinded to
the identity of the participants, strata and clusters. The reliability of the randomization proce-
dure was supervised by 3 researchers. All paired clusters assigned to the specific stratum were
drawn from an opaque, tossed bag and was alternately allocated to either reference or aerobic
exercise group, depending of the flip of a coin. Tails decided allocation of the first of the two
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drawn paired clusters to the reference group and heads to the aerobic exercise group. The sec-
ond of the two drawn paired clusters was allocated to the opposite group to the first [24].
Intervention
The authors confirm that all ongoing and related trials for this intervention are registrered. All
project activities were carried out during paid working hours, at or near the worksite. The refer-
ence group was offered lectures, addressing healthy living, but not physical activity, and partici-
pants were invited to suggest topics. The aerobic exercise group were offered aerobic exercise
sessions aiming to be performed at an intensity of 60% of maximal oxygen consumption
(VO2max) [25]. Through a modified intervention mapping approach [26] the aerobic exercises
were tailored to each of the enrolled companies [24]. The initial aerobic exercise activities
offered were indoor biking, running on a treadmill and aerobics.
The intervention had a total duration of 12-months, divided in two intervention phases.
Due to summer and Christmas holidays the activities were offered for a total of 42 weeks. Dur-
ing the first intervention phase the reference group received 2 lectures of 2 hours/lecture. The
aerobic exercise group received supervised aerobic exercise of 2 x 30 minutes per week, corre-
sponding to a total of 32 sessions (16 hours). During the second phase of the intervention, the
reference group received 3 lectures of 2 hours/lecture while the aerobic exercise group received
aerobic exercise of 2 x 30 min/week, in total 52 sessions (26 hours). The supervision of the aer-
obic exercise group was gradually declined, during the first 4-week period six sessions were
supervised, during the second 4-week period five sessions were supervised, during the third
4-week period four sessions were supervised, during the fourth 4-week period two sessions
were supervised and during the fifth and sixth 4-week period only one session was supervised
per period. Participation in the aerobic exercise group was registered only when the instructor
was present.
Data collection
All participants were tested at baseline and after 4 and 12-months intervention period at the
worksite during paid working hours. The baseline measurements were conducted in January
2012 at the first company, in May 2012 at the second company and in August 2012 at the third
company, 4-months follow-up measurements were conducted in May/June 2012 at the first
company, in January/February 2013 at the second company and in February 2013 at the third
company, 12-months follow-up measurements were conducted in January 2013 at the first
company, in June 2013 at the second company and in September 2013 at the thierd company.
The test consisted of a structured interview, physical testing of health- and capacity-related
measures and objective diurnal measures of HR and ambulatory blood pressure (ABP) [24].
Participants got instant feedback from the physical testing and were encouraged to contact a
physician if their systolic or diastolic BP exceeded recommended levels ( 140 or 90
mmHg) [27].
The interview assessed gender, ethnicity, country of birth, education, occupational group,
employment status, job seniority, occupational and leisure time physical activity [28], smoking,
general health [29], diagnosed illnesses, daily use of heart, anti-hypertensive, and cholesterol
reducing medication. Ethnicity was classified as western or non-western based on country of
birth. All European countries, Australia, Canada, and USA were considered western.
Physical examinations measured body weight (kg) and body fat (%) with bio-electric-
impedance-analysis tool Tanita BC418, height with Seca model 213 1721009, waist circumfer-
ence with Seca model 201. The waist was defined as the narrowest point between the lowest rib
and the iliac crest [30,31]. Body mass index (BMI), was calculated as body weight (kg) divided
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by body height squared (m2) [30,31]. Blood pressure was measured with Omron M6 Comfort
on the upper left arm after minimum 15 minutes of sitting rest. Measurements were conducted
with participants wearing light clothes and no shoes. Level of cardiorespiratory fitness was esti-
mated by a sub-maximal step test [32] conducted on a bench of 30 cm height for females and
35 cm for males. Step frequency was increased from 0.2 steps per second to maximal 0.8 steps
per second, at maximal 6 minutes of testing time. The step test was terminated when the partic-
ipant could no longer keep the stepping rhythm or properly extend the knee.
The diurnal measurements of HR were performed with Actiheart (www.camntech.com).
Actiheart is validated for measurement of HR, HR variability and estimation of energy expen-
diture in the field [33–35]. The electrocardiographic raw signals are measured with a sensitivity
of 0.25 mV and HR is calculated as the number of R peaks in the QRS complex per minute.
Before measurement, the Actiheart monitor was initialised by gender and age, and mounted
with ag-ag-cl pre-gelled electrodes (Ambu blue sensor VL-00-S/25) at one of the validated
body positions [36]. Heart rate was measured over four days (mostly 2 working and 2 non-
working days). Participants were instructed in how to wear the monitor and to write a log of
working hours, sleeping and waking time and time periods spent without monitors. During the
diurnal measurements, participants were asked to live their normal every-day life.
Number of steps taken were measured with the Actigraph GT3X + (www.theactigraphcorp.
com) and analyzed in the customized software Acti4 [37,38]. The Actigraph was mounted on
the skin with adhesive tape (3 M, Hair-Set, double sided adhesive tape and Fixomull, BSN med-
ical), on the right thigh medial to the iliac crest and the top of the patella. The Actigraph was
orientated with the x-axis pointing downwards, y-axis horizontally to the left and z-axis hori-
zontally forward.
Ambulatory blood pressure (ABP) measurements were performed with Spacelabs 90217
(www.spacelabshealthcare.com) [39], by oscillometry, mounted on the non-dominant upper
arm with a tube connecting the sampler to the cuff. The sampler was mounted with elastic
straps around the waist, and the frequency of measurements was every 20 minutes during wak-
ing hours, and every 40 minutes during sleep [40,41]. The participants were instructed to keep
quiet and keep the arm at rest while the measurement was proceeding. If a measurement failed,
the monitor automatically measured again a few minutes later. Participants were asked to live
their normal every-day life and they were instructed in taking on and off the Spacelabs when
showering.
The participants were instructed to write a log of working hours, sleeping and waking time
and time periods spent without monitors. This enabled a classification of the 24 hours into
work/leisure/sleep hours during data analysis.
Blood sampling
A 25-ml non-fasting blood sample was taken from the vena brachialis by trained laboratory
technicians. The samples were taken during working hours (7 a.m. to 3 p.m.) and no restric-
tions were imposed with regard to food, caffeine, tobacco and alcohol consumption or exercise
prior to the sampling. The samples were stored at -20°C and analyzed within a maximum of 2
years for high density lipoprotein (HDL) cholesterol, low density density lipoprotein (LDL)
cholesterol and total cholesterol (TC), triacylglycerol (TG) and glycated hemaglobin (HbA1c).
Samples of ethylenediaminetetraacetic acid (EDTA) plasma were stored at -80°C until analyzed
for hsCRP and fibrinogen within a maximum of 2 years.
A high performance liquid chromatography (HPLC) method was used for determination of
HbA1c. The HPLC consisted of a Waters 625 LC system together with a Waters photodiode
array detector model 996 and a WISP 717 auto sampler for automatic injection of the samples.
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Millennium chromatography software was used to calculate concentrations (Waters Associates
Inc., Milford, US). A cation exchange columnMono S HR 5/5 from Pharmacia Biotech AB,
Uppsala, Sweden was used to separate HbA1c from other components in the samples. The
method for HbA1c has been evaluated by inter-laboratory comparison based on 17 patient
samples and found to be linear in the range 4.1‒14.3% of total haemoglobin and without sys-
tematic bias [42]. Lyphochek Diabetes Control (Calibrator) from BioRad (Anaheim, CA, US)
for HbA1c was used to monitor the long-term stability of the method.
HDL cholesterol, LDL cholesterol and TC were analyzed using a Cobas MIRA Plus. The
determination of HDL cholesterol, LDL cholesterol, TC and TG was carried out by ABX Pentra
assays from Triolab (Sollentuna, Sweden). Calculation of LDL/HDL cholesterol ratio and LDL/
TC cholesterol ratio was carried out by dividing LDL cholesterol by HDL cholesterol and LDL
cholesterol by TC. The analytical methods for measuring TC in serum have been evaluated by
a method evaluation function design [43] to estimate the random and systematic effects. This
was based on a linear least squares regression analysis of the measured concentration vs the
conventional true concentration of a series of method evaluation samples containing choles-
terol. The between-assay variation was estimated to be 2.7% at 5.3 mmol/L cholesterol [44].
Commercially available control samples for HDL cholesterol, LDL cholesterol, TC and TG
were analyzed together with the samples to show equivalence between different runs. Westgard
control charts were used to document that the analytical methods remained in analytical and
statistical control, i.e. that the precision and trueness of the analytical methods remained stable
[45].
Fibrinogen was analyzed by turbidimetry on Cobas MIRA Plus. We used a high sensitive
ELISA (EU59151), purchased from IBL, International GMBH, Hamburg, Germany, to measure
hsCRP. The between-assay variation was 5.8% at 1.6 μg/ml and the limit of detection was
0.02 μg/ml.
Sample Size
The power calculation, performed prior to the study showed that an expected increase in
cardiorespiratory fitness of 4% would need 52 participants in each of the two intervention
groups to show significance at a level of 0.05. Sample size calculations assumed recruitment of
40% of the eligible cleaners and a dropout rate of 30% during the intervention [24].
Analyses
The primary outcome in the 12-month study is change in cardiorespiratory fitness
(mlO2min-1kg-1) from baseline to 12-month follow-up. Secondary outcomes are changes
in relative aerobic workload (% HRR), RHR in beats-per-minute (bpm), SHR (bpm), resting
systolic and diastolic BP, 24 hour ambulatory BP (ABP), and level of biomarkers related to
risk for CVD (e.g. concentration of high sensitive C-reactive protein).
Only HR measurements with beat error of 50% were included to meet the data quality cri-
teria set by Skotte and colleagues [37]. The HR reserve (HRR) was calculated as the difference
between the estimated maximal HR (HRmax), estimated by (208–0.7  age) [46], and the resting
HR (RHR) (HRR = HRmax−RHR) [9]. The RHR was defined as the 10
th lowest recorded HR
value during 24 hours [47]. The relative aerobic workload (% HRR) was calculated as the
observed HR percentage of the HRR ((observed HR–RHR)  100% / HRR) [9].
ABP measurements were included when a minimum of 25% of planned measurements were
complete [39,40]. All measures of ABP were visually checked for physiological outliers (systolic
BP< 80 and> 240 mmHg, diastolic BP< 50 and> 130 mmHg). For the ABP analysis, the
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HRmeasurements and estimated aerobic workloads were analysed in 5 minutes intervals pre-
ceding each ABP measurement.
Statistical analysis
Statistical analyses were performed using the IBM SPSS statistics software (version 21)
(Armonk, NY, US) and the SAS statistical software for Windows (version 9.3) (Cary, NC, US).
All analyses were performed according to the intention to treat principle (ITT), in which
all randomized participants are included in the statistical analyses [48]. Missing values were
not imputed neither for outcome nor covariate variables [49]. Both within and between-
groups 12-month changes of all outcomes were computed with standard errors and 95% con-
fidence intervals. Differences in 12-month changes of all outcomes were analyzed in a
repeated-measures 2 x 2 mixed models design. Independent categorical variables (fixed fac-
tors) were group (aerobic exercise and reference), measurement time (baseline and
12-months follow-up), and the interaction between group and measurement time. Partici-
pants were entered in the model as a random effect nested in clusters to account for the clus-
ter-based randomization. Covariates were chosen based on baseline differences between
groups on theoretically considered confounders and their statistical association with the
group and measurement time.
For the primary outcome, and the secondary outcomes on aerobic workload, RHR, SHR
and resting BP, the following covariates (reference value in parenthesis) were entered into the
mixed models in the following incremental steps: 1) baseline value of the respective outcome,
2) age, gender (male), daily use of antihypertension and/or heart medication (none), smoking
status (never smoking and/or currently non-smoking), and either level of leisure time physical
activity (< 2 h/weeks light activity) or baseline cardiorespiratory fitness. The intervention effect
estimates were reported as between group mean difference ± standard error, 95% confidence
interval, and p-value.
For the secondary outcomes on 24 hour ABP, the following covariates were stepwise
included in the analysis (reference value in parenthesis): model 1: mean baseline ABP from the
respective time period; model 2: additionally age, gender (male), daily use of hypertension and
/ or heart medication (none), smoking (never smoking and/or currently non-smoking), and
cardiorespiratory fitness at baseline (high). The estimated cardiorespiratory fitness was coded
as a categorical variable split in tertiles (low, medium and high), and those participants who
did not conduct the cardiorespiratory fitness test constituted an extra category.
For the secondary outcomes on biomarkers related to risk for CVD, the following covariates
were incrementally taken into account in the analysis (reference value in parenthesis): model 1:
baseline value of the respective outcome; model 2: additionally age, gender (male), BMI, daily
use of cholesterol and or hormone medication (none), smoking status (never smoked and/or
currently non-smoking), level of leisure time physical activity (< 2 hours per weeks light activ-
ity) and alcohol consumption.
For the secondary outcomes on body weight, fat percentage and waist circumference, the
following covariates were incrementally taken into account in the analysis (reference value in
parenthesis): model 1: baseline value of the respective outcome; model 2: additionally age, gen-
der (male), BMI, smoking status (never smoked and/or currently non-smoking), level of leisure
time physical activity (< 2 hours per weeks light activity) and alcohol consumption.
Secondarily, a sensitivity analysis excluding participants reporting use of antihypertension
and/or heart medication on a daily basis was performed for the outcomes on cardiorespiratory
fitness, RHR, SHR, aerobic workload, resting and 24h systolic and diastolic blood pressure,
using the same fully adjusted statistical model.
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Additionally, sensitivity analysis was performed by applying the same fully adjusted statisti-
cal model on the outcomes of hsCRP, fibrinogen, HDL, LDL, TC, TG and HbA1c with the
exclusion of participants reporting daily use of cholesterol and/or hormone medication.
A secondary between-group analysis stratified on baseline level of aerobic workload (low<30%
HRR or high30%HRR) was conducted. The cutpoint of high and low aerobic workload were
based on previous studies [50,51].
Results
Flow of participants
All three contacted companies agreed to participate. The study was presented to 250 cleaning assis-
tants at these companies. Of those, 137 (45%) consented to participate (consenters) and were
invited to the baseline measurement. Baseline measurements were conducted among 116 of them
and they were randomized, with 59 assigned to the reference group and 57 to the aerobic exercise
group. After baseline measurements, 42 (36%) participants (18 from the reference and 24 from the
aerobic exercise group) dropped out of the study and were lost to follow-up at 12-months (Fig 1).
The enrolled cleaners cleaned offices, hospitals, kindergartens, schools and sports facilities.
Occupational physical activities among this population of cleaners were determined by the
work plans and requirements made by their managers. The work plans described which rooms
should be cleaned during the week, the quality of cleaning of different surfaces and areas, empt-
ing of garbage bins and wash of curtains, bed linen etc. The majority of the occupational physi-
cal activities took place while the cleaner was standing or walking sometimes while the back is
forward/sideways bended, some took place while the cleaner was squatting, kneeling, sitting or
standing on all four and some took place with one or both arms lifted above shoulder height.
The following significant (p< 0.05) differences were seen between the consenters and non-
consenters: the consenters had lower job seniority, were more frequently born outside Den-
mark, and had suffered more musculoskeletal disorders in the shoulders, arms/wrists and feet/
ankles within the last 30 days. No differences were seen in diagnosed illnesses, level of OPA
and LTPA, gender, age, height, weight and job seniority.
The main self-reported reasons for non-participation among non-consenters were lack of
time (40%) and not finding the study relevant (11%) [10]. Of the consenters, 21 were not ran-
domized because they withdrew from the study before the baseline measurement took place, or
did not show up at the baseline measurement. The following significant (p< 0.05) differences
were seen between those consenters who were randomized and the consenters not being ran-
domized: the consenters being randomized were more frequently born outside Denmark.
Compliance
The 36% drop out at 12-months follow-up was above the expected 30% in the power
calculations.
Adherence during the implementation period was not registered because not all sessions
were supervised. The drop out at 4-months follow-up was within the expected in the power cal-
culations [10]. After every fourth week of the 4-month intervention, the HR was monitored
during the aerobic exercise session yielding an average HRR of 67% [standard deviation (SD)
13]. Overall, 94% of the planned sessions were offered as planned.
Baseline characteristics of the study population
The baseline characteristics of the study population are presented in Table 1. Participants ran-
domized to the intervention were mainly immigrants; 86% stated to have another place of birth
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than Denmark, of those 62% were non-western. Within the aerobic exercise group, those lost
to follow-up (n = 24) had a significantly shorter job seniority (5 years), and significantly more
stated to be current smokers (25%). There was a tendency (p = 0.053) towards that more stated
their OPA as strenuous (29%). Within the reference group those lost to follow-up (n = 16) had
a significantly higher RHR (5.4 bpm).
Intervention effects
The between-groups differences in 12-month change of primary and secondary outcomes are
reported in Table 2 for the fully-adjusted model 2.
Fig 1. Flow of the participants.
doi:10.1371/journal.pone.0158547.g001
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The fully adjusted between-groups difference in cardiorespiratory fitness change was
2.15 ± 1.03 mlO2/min/kg (95% CI 0.11 to 4.19, p 0.04) in the aerobic exercise group relative to
the reference group (Fig 2). This corresponds to an 8.6% increase relative to the overall baseline
mean in the randomized population. Significant between-groups difference in change of RHR
was -5.31 ± 1.61 bpm (95% CI -8.50 to -2.12, p<0.01) (Fig 3). Relative to the overall baseline
mean in the randomized population, this decrease corresponds to 7.5%. An unaltered SHR was
seen in the fully-adjusted between-groups analysis. Also for aerobic workload significant
between-groups differences were found; -2.15 ± 1.06% HRR (95% CI -4.28 to 0.03, p<0.05).
This corresponds to a 7.0% decrease relative to the overall baseline mean in the randomized
population. The change in resting systolic BP showed a tendency towards a between-groups
differences of 3.82 ± 2.38 mmHg (95% CI -0.90 to 8.53, p 0.11). Resting diastolic BP changes
Table 1. Description of the randomized study population of cleaners at baseline (N = 116), stratified by the intervention group.
Randomized
population
(N = 116)
Aerobic
exercise
(n = 57)
Reference
(n = 59)
Mean SD N Mean SD n Mean SD N
Age (years) 45.3 8.6 44.9 9.2 45.7 8.1
Gender (% females) 75.9 88 75.4 43 76.3 45
Height (m) 1.6 0.09 1.6 0.09 1.6 0.08
Body weight (kg) 70.7 14.1 69.7 12.7 71.7 15.4
BMI (kg/m2) 26.7 4.5 26.2 4.0 27.1 4.9
Body fat (%) 31.6 8.6 31.1 8.3 32.1 8.9
Waist circumference (cm) 87.6 11.1 86.7 11.0 88.4 11.2
Job seniority (years) 11.9 7.8 12.3 8.7 11.5 6.8
Current smoker (%) 24.1 28 22.8 13 25.4 15
Ethnicity (% non western) 62.1 72 70.2 40 54.2 32
Daily use of antihypertension and/or heart medication (%) 12.1 14 14.0 8 10.2 6
Daily use of cholesterol and/or hormone medication (%) 13.8 16 12.3 7 15.3 9
Leisure time physical activity (% < 2 h/weeks light activity or light activity 2–4 h/weeks) 72.4 84 78.9 45 66.1 39
Physical activity at work (% having standing/walking work including lifts and strenuous physical
work)
60.3 70 63.2 36 57.6 34
Resting systolic blood pressure (mmHg) 122.7 21.7 125.2 25.1 120.3 17.5
Resting diastolic blood pressure (mmHg) 82.7 12.6 83.7 14.2 81.7 10.8
Cardiorespiratory ﬁtness (mlO2min-1kg-1) 24.9 6.6 24.8 5.8 25.0 7.2
Resting heart rate (beat/min) 71.3 14.8 71.7 10.6 70.5 8.8
Sleeping heart rate (beat/min) 49.5 5.8 49.2 6.5 49.7 5.1
Aerobic work load during work (% of HRR) 30.9 7.2 30.1 6.7 31.7 7.5
Ambulatory systolic blood pressure (mmHg) 120.6 12.7 83 121.8 14.7 41 119.5 10.4 42
Ambulatory diastolic blood pressure (mmHg) 77.3 7.7 83 77.3 8.1 41 77.3 7.5 42
hsCRP (μg/ml) 1.47 1.72 1.39 1.30 1.53 2.05
Fibrinogen (g/l) 3.22 0.68 3.24 0.69 3.19 0.67
HDL (mmol/L) 1.53 0.39 1.53 0.36 1.53 0.41
LDL (mmol/L) 3.32 1.00 3.50 0.98 3.16 1.00
TC (mmol/L) 5.66 1.25 5.82 1.25 5.50 1.24
TG (mmol/L) 1.45 0.77 1.48 0.82 1.42 0.71
HbA1c (%) 5.24 0.65 5.29 0.77 5.20 0.51
Note: Mean ± standard deviations or percent (n) are reported. [SD = standard deviation; HRR = heart rate reserve]. Differences between aerobic exercise
and reference groups were analyzed with student’s t-test for continuous variables, and with Chi2 test for categorical variables.
doi:10.1371/journal.pone.0158547.t001
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did not differ significantly between groups. No changes were seen in either systolic or diastolic
ABP.
Significant between-groups difference in change of hsCRP was -0.65 ± 0.24 μg/ml (95% CI
-1.12 to -0.19, p<0.01). A tendency towards a between-group difference in LDL cholesterol
was seen -0.23 ± 0.13 mmol/L (95% CI -0.48 to 0.02, p 0.07). Significant between-groups differ-
ence in change of TC was -0.32 ± 0.14 mmol/L (95% CI -0.60 to -0.04, p 0.02). Non-significant
between-group changes in fibrinogen, HDL cholesterol, TG and HbA1c were found in the
fully-adjusted model.
Significant between-groups difference in reductions of body weight (-1.65 ± 0.92 kg, 95% CI
-2.94 to -0.36, p 0.01) (Fig 4), body fat (-1.45 ± 1.58%, 95% CI -2.43 to -0.47, p<0.01) and
waist circumference (-1.92 ± 1.05 kg, 95% CI -3.74 to -0.11, p 0.04) were seen.
Table 2. Within groupsmeans pre and post intervention, between groups difference (mean ± standard error) from baseline to 12-months follow-up
and percentage change relative to the baselinemean of the randomized population of cleaners (N = 116).
Aerobic exercise Reference
Pre Post Pre Post Δ % SE 95% CI p n
Fitnessa (mlO2/min/kg) 24.25 28.31* 24.07 26.16* 2.15 8.63 1.03 0.11 to 4.19 0.04 80
Resting heart rateb (beat/min) 70.68 68.73 70.68 74.04* -5.31 7.45 1.61 -8.50 to -2.12 <0.01 81
Sleeping heart rateb (beat/min) 50.72 50.75 50.50 52.11 -1.37 2.77 1.09 -3.54 to 0.81 0.22 67
Aerobic workloadb (% HRR) 29.47 27.38* 29.71 29.53 -2.15 6.96 1.06 -4.28 to -0.03 <0.05 60
Resting systolic blood pressureb (mmHg) 117.22 116.48 117.42 112.66* 3.82 3.11 2.38 -0.90 to 8.53 0.11 81
Resting diastolic blood pressureb (mmHg) 79.87 75.56* 79.96 77.07* -1.51 1.83 1.34 -4.15 to 1.14 0.26 81
24h ambulatory systolic bloodc pressure (mmHg) 118.74 121.44* 119.71 119.91 1.53 1.27 1.52 -1.61 to 4.66 0.33 30e
24h ambulatory diastolic bloodc pressure (mmHg) 76.67 77.03 76.36 76.95 0.08 0.10 1.05 -2.08 to 2.25 0.94 30e
Δ hsCRPd (μg/ml) 1.64 1.41 1.63 2.06* -0.65 44.22 0.24 -1.12 to -0.19 <0.01 87
Δ Fibrinogend (g/l) 3.29 3.45 3.29 3.49* -0.03 0.93 0.09 -0.21 to 0.15 0.71 87
Δ HDLd (mmol/L) 1.55 1.50 1.56 1.51 -0.005 0.33 0.04 -0.09 to 0.08 0.90 87
Δ LDLd (mmol/L) 3.57 2.71* 3.58 2.93* -0.23 6.93 0.13 -0.48 to 0.02 0.07 87
Δ TCd (mmol/L) 5.90 5.60* 5.95 5.92 -0.32 5.65 0.14 -0.60 to -0.04 0.02 87
Δ TGd (mmol/L) 1.46 1.61 1.48 1.68 -0.08 5.52 0.13 -0.33 to 0.18 0.57 87
Δ HbA1cd (%) 5.30 5.39 5.32 5.36 0.03 5.25 0.06 -0.09 to 0.15 0.66 87
Body weightf (kg) 71.98 71.66 71.93 73.31* -1.65 0.65 0.92 -2.94 to -0.36 0.01 95
Body fatf (%) 31.88 31.01 31.73 32.45 -1.45 0.50 1.58 -2.43 to -0.47 <0.01 95
Waist circumferencef (cm) 89.24 86.32* 89.13 88.24 -1.92 0.92 1.05 -3.74 to -0.11 0.04 95
Note: Between group 95% conﬁdence interval and level of signiﬁcance are reported. The n differs between the different outcomes due to missing
observations in covariate and/or outcome variables.
All outcomes are adjusted for baseline value of the respective outcome, age, gender (male), smoking status (never smoking and/or currently non-smoking),
* within group difference (p < 0.05),
a additionally adjusted for daily use of antihypertension and/or heart medication (none), and baseline cardiorespiratory ﬁtness
b additionally adjusted for daily use of antihypertension and/or heart medication (none), and level of leisure time physical activity (< 2 hours per weeks light
activity)
c additionally adjusted for daily use of antihypertension and/or heart medication (none), unequal amount of ambulatory blood pressure measurements during
work/leisure/sleep and baseline cardiorespiratory ﬁtness in tertiles (high)
d additionally adjusted for BMI, daily use of cholesterol and or hormone medication (none), level of leisure time physical activity (< 2 hours per weeks light
activity) and alcohol consumption
e of the 30 included participants 17 were randomized to the aerobic exercise group and 13 were randomized to the reference group
f additionally adjusted for age, gender (male), BMI, smoking status (never smoked and/or currently non-smoking), level of leisure time physical activity (< 2
hours per weeks light activity) and alcohol consumption.
doi:10.1371/journal.pone.0158547.t002
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Sensitivity analysis
For the majority of the outcomes, the results from the unadjusted and the fully adjusted models
are numerically and statistically similar. Only the numerical results regarding SHR, 24 hour
systolic ABP, HDL and TG changes from a positive change estimate (unadjusted model) to a
negative change estimate (fully adjusted model), however these dissimilarities do not affect the
95% CI much, thereby not changing the conclusions.
Sensitivity analysis excluding the 14 participants ingesting antihypertensive and heart medi-
cation yielded between-groups differences during follow-up that were comparable to the
majority of the results in the entire randomized population (N = 116), but not reaching statisti-
cal significance on the change in cardiorespiratory fitness (p 0.34) and with a statistical
decrease in resting diastolic blood pressure of -2.93 ± 1.38 mmHg (95% CI -5.65 to -0.20, p
0.04). Additionally, in the sensitivity analysis excluding participants reporting a daily use of
cholesterol and/or hormone medication (n = 16), the analysis yielded numerically and statisti-
cally similar between-group differences from baseline to follow-up in the fully adjusted model.
Stratified analysis
An analysis stratified on baseline level of aerobic workload ( or<30% HRR) of between
groups difference (mean ± standard error) from baseline to 12-months follow-up of primary
and secondary outcomes are reported in Table 3 for the fully-adjusted model 2. Overall these
analyses lack statistical power, however the participants exposed to an aerobic workload30%
Fig 2. Box plot (mean, SD and range) of the cardiorespiratory fitness divided by intervention group at
baseline and 12-months of follow up. Blue represents baseline and green represents 12-months follow-up.
doi:10.1371/journal.pone.0158547.g002
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HRR at baseline seems to obtain adverse effects related to an increased overall risk of cardiovas-
cular disease.
Discussion
The main results of this study among cleaners are that the aerobic exercise group significantly
enhanced cardiorespiratory fitness, reduced RHR, aerobic workload, hsCRP, body weight,
body fat and waist circumference compared to the reference group.
Results from 4-months of follow-up have earlier been reported from this worksite interven-
tion [10,22]. However, the unexpected finding of an adverse effect of the aerobic exercise on
the resting blood pressure [10] reports from a longer follow-up is warranted. Additionally, this
worksite intervention was implemented during the working hours and therefore could have
induced a behavioral change causing sustained effects on health; consequently this paper
includes data on body composition.
Primary outcome
Between-group comparisons including all randomized participants show an average enhanced
cardiorespiratory fitness of 8.63%, which is in accordance with findings from earlier worksite
physical exercise interventions [52–55]. Likewise, this enhanced cardiorespiratory fitness at
12-months is in accordance with the result from 4-months follow-up [10]. More than 15% of
all-cause mortality among a population of women is expected to be attributed to low cardiore-
spiratory fitness [16]. An increased cardiorespiratory fitness by 3.5 mlO2/min/kg is estimated
Fig 3. Box plot (mean, SD and range) of the resting heart rate divided by intervention group at baseline and
12-months of follow up. Blue represents baseline and green represents 12-months follow-up.
doi:10.1371/journal.pone.0158547.g003
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to reduce the incidence of cardiovascular mortality with 15% [56]. Thus, an enhanced cardiore-
spiratory fitness of the magnitude reported in this study potentially lowers the overall risk of
CVD [16,56].
To enhance cardiorespiratory fitness, an exercise intensity of60% of HRR is required [25].
During the initial 4-months of the aerobic exercise sessions, the average HRR during the aero-
bic exercise sessions in this study was 67% (SD 13). After the initial 4-months of the aerobic
exercise sessions the intensity was not collected. However, the increased cardiorespiratory fit-
ness after 12-months indicates that the participants remained to have an adequate intensity
HRR throughout the intervention and participating in aerobic exercise 2x30 min/week.
Secondary outcomes
The aerobic exercise group significantly reduced their RHR (n = 81) by 7.45% compared to the
reference group, while the SHR (n = 67) did not significantly differ between the groups, possi-
bly due to the small sample size. The reduced RHR may be explained by the enhanced level of
cardiorespiratory fitness implying an increased capacity as well as effectiveness in distribution
and metabolism of oxygen, such as an increased stroke and minute volume [57]. Reductions in
RHR and SHR have been related to a reduced risk of CVD [58,59]. Likewise, a graded increased
risk of CVD has been shown in relation to increasing RHR in both healthy men and women
[58].
The aerobic exercise group significantly reduced their aerobic workload by 6.96% compared
to the reference group, so this study supports the classic work physiology notion that an
Fig 4. Box plot (mean, SD and range) of the body weight divided by intervention group at baseline and
12-months of follow up. Blue represents baseline and green represents 12-months follow-up.
doi:10.1371/journal.pone.0158547.g004
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enhanced cardiorespiratory fitness reduces the relative aerobic workload among workers
exposed to high OPA [12,60]. Aerobic workload depends on cardiorespiratory fitness and
RHR [9]. Thus, a reduced aerobic workload would be expected, based on a combination of an
enhanced cardiorespiratory fitness and a reduced RHR. High aerobic workload strains the car-
diovascular systems [61], which may potentially lead to progression of arteriosclerosis [15,62].
Thus, such a reduction in relative aerobic workload as observed in this study is considered to
reduce the overall risk of CVD [14].
No changes were seen in either the resting or the ambulatory systolic and diastolic BP in the
fully adjusted between groups analysis after 12-months. Likewise, previous worksite interven-
tions with physical activity have not succeeded in changing the BP [54,63].
Between-group comparisons including all randomized participants show a 44.22% decrease
in hsCRP in the aerobic exercise group compared to the reference group. Previous studies
among healthy populations indicate that moderate-to-high-intensity leisure time aerobic exer-
cise decreases the levels of hsCRP [64–67]. This might explain why this worksite aerobic
Table 3. Between groupsmeans pre and post intervention stratified on baseline level of aerobic workload ( or <30%HRR), between groups differ-
ence (mean ± standard error) from baseline to 12-months follow-up (N = 116).
Aerobic workload30% HRR Aerobic workload <30% HRR
Δ SE 95% CI P n Δ SE 95% CI p n
Fitnessa (mlO2/min/kg) -0.67 1.62 -3.96 to 2.62 0.68 28 1.73 2.29 -2.92 to 6.38 0.46 31
Resting heart rateb (beat/min) 0.03 2.31 -4.64 to 4.70 0.99 29 -6.60 2.76 -12.18 to -1.02 0.02 30
Sleeping heart rateb (beat/min) -0.71 1.29 -3.34 to 1.92 0.59 29 -0.84 2.45 -5.84 to 4.16 0.73 31
Aerobic workloadb (% HRR) -1.61 1.61 -4.90 to 1.68 0.33 29 -3.04 1.51 -6.12 to 0.04 0.05 31
Resting systolic blood pressureb (mmHg) 9.95 5.46 -1.09 to 20.99 0.08 29 -3.31 3.36 -10.11 to 3.48 0.33 30
Resting diastolic blood pressureb (mmHg) 3.36 2.62 -1.93 to 8.65 0.21 29 -2.79 2.12 -7.08 to 1.51 0.20 30
24h ambulatory systolic bloodc pressure (mmHg) 6.46 4.37 -7.16 to 20.08 0.23 13 -3.35 2.95 -11.54 to 4.83 0.32 11
24h ambulatory diastolic bloodc pressure (mmHg) 5.74 6.12 -13.47 to 24.95 0.42 13 -6.33 1.46 -9.86 to -2.79 <0.01 11
Δ hsCRPd (μg/ml) -0.73 0.61 -1.95 to 0.50 0.24 32 -0.10 0.28 -0.67 to 0.47 0.72 32
Δ Fibrinogend (g/l) 0.13 0.17 -0.22 to 0.47 0.46 32 -0.07 0.14 -0.34 to 0.21 0.61 32
Δ HDLd (mmol/L) 0.01 0.11 -0.21 to 0.23 0.92 32 0.06 0.05 -0.04 to 0.16 0.22 32
Δ LDLd (mmol/L) -0.14 0.28 -0.71 to 0.43 0.63 32 -0.14 0.22 -0.58 to 0.30 0.52 32
Δ TCd (mmol/L) 0.30 0.31 -0.33 to 0.93 0.34 32 -0.70 0.22 -1.14 to -0.25 <0.01 32
Δ TGd (mmol/L) 0.31 0.23 -0.15 to 0.77 0.19 32 -0.17 0.27 -0.72 to 0.38 0.53 32
Δ HbA1cd (%) 0.12 0.11 -0.10 to 0.34 0.28 32 0.09 0.11 -0.12 to 0.31 0.38 32
Body weighte (kg) -1.47 1.41 -4.31 to 1.38 0.30 35 -1.75 0.67 -3.10 to -0.41 0.01 34
Body fate (%) -0.99 0.90 -2.79 to 0.82 0.28 35 -0.84 0.57 -1.99 to 0.32 0.15 34
Waist circumferencee (cm) 1.11 1.69 -2.29 to 4.51 0.51 35 -4.86 1.65 -8.19 to -1.54 <0.01 34
Note: Between group 95% conﬁdence interval and level of signiﬁcance are reported. The n differs between the different outcomes due to missing
observations in covariate and/or outcome variables.
All outcomes are adjusted for baseline value of the respective outcome, age, gender (male), smoking status (never smoking and/or currently non-smoking),
a additionally adjusted for daily use of antihypertension and/or heart medication (none), and baseline cardiorespiratory ﬁtness
b additionally adjusted for daily use of antihypertension and/or heart medication (none), and level of leisure time physical activity (< 2 hours per weeks light
activity)
c additionally adjusted for daily use of antihypertension and/or heart medication (none), and baseline cardiorespiratory ﬁtness in tertiles (high)
d additionally adjusted for BMI, daily use of cholesterol and or hormone medication (none), level of leisure time physical activity (< 2 hours per weeks light
activity) and alcohol consumption.
e additionally adjusted for age, gender (male), BMI, smoking status (never smoked and/or currently non-smoking), level of leisure time physical activity (< 2
hours per weeks light activity) and alcohol consumption.
doi:10.1371/journal.pone.0158547.t003
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exercise intervention reduced the level of hsCRP. A difference in hsCRP of this magnitude are
estimated to lower the CVD risk by approximately 15% [68], and may therefore be considered
clinically relevant. Thus, this aerobic exercise intervention seems to improve inflammatory lev-
els among cleaners.
Between-group comparisons including all randomized participants show reductions (<1%)
of body weight (Fig 4), body fat and waist circumference in the aerobic exercise group com-
pared to the reference group. The magnitude of the reduction in waist circumference is esti-
mated to lower the CVD risk by approximately 2% [69].
Overall this study showed significant increases of resting heart rate, hsCRP, fibrinogen and
body weight at 12-months follow-up in the within group analysis among the reference group.
However, in a RCT study as this, it is necessary to evaluate the between groups effects before
and after the intervention for excluding effects on the outcome from other factors being com-
mon for both groups. For example, their physically demanding job and one year increased age
may induce negative health effects on the entire study population. Thus, this is likely to lead to
measured negative health in the reference group, but not in the aerobic exercise group which
have sustained their health due to the aerobic exercise. Because aerobic exercise and reference
groups were included from each respective workplace, we are not aware of any activities or fac-
tors which could have exclusively influenced the health of the reference group independently
from the aerobic exercise group.
Stratified analysis
No significant changes in resting BP were seen in the secondary between groups analysis strati-
fied on the baseline level of aerobic workload among those exposed to an aerobic workload
30% HRR. However, the magnitude of the estimates of change in resting BP (9.95 mmHg sys-
tolic and 3.36 mmHg diastolic) may cause concern with respect to increasing the risk for CVD,
due to the potential risk of overstraining the cardiovascular system as proposed previously
[10,23]. Likewise, at the 4-months follow-up those participants exposed to high aerobic work-
loads showed an increase of 6.7 mmHg (p = 0.01) in systolic BP and an unaltered diastolic BP
[10]. Although, the stratified results at the 12-months follow-up do not reach statistical signifi-
cance the resting BP (9.95 mmHg (p = 0.08) in systolic BP and 3.36 mmHg (p = 0.21) in dia-
stolic BP) still seems to have risen. The lack of significance may be owed to lack of power
because the study was not designed for this stratification. Thus, the observed increased BP fol-
lowing 4-months of intervention among those participants exposed to high aerobic workloads
seems to sustain after 12-months. Therefore, this is a potential adverse intervention effect
which is strongly recommended to be further investigated.
Methodological considerations
The convenience sampling of only three companies in the area of Copenhagen, Denmark limits
the generalizability of the findings. Additionally, these findings are limited to cleaners. The fact
that this worksite intervention was implemented among cleaners avoided socio economic con-
founding to the intervention. However, the external validity was enhanced by the creation of
an aerobic exercise and reference group at each respective company. The study was sufficiently
powered to detect clinically relevant changes. The cluster-randomized controlled trial design is
a methodological strength reducing possible bias and contamination. Also the ITT analysis is a
methodological strength reducing possible bias from differences in adherence [70]. The mixed
model analysis is a strength when evaluating repeated measurements observations with obser-
vations missing at random, since the mixed model enables use of information from all observa-
tions without imputing missing observations [48,71]. The mixed-model analysis was applied,
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 16 / 22
since it allows an ITT analyses with missing observations [71], which increased the n in the
analysis due to some differences in missing data between groups, at baseline and follow-up.
In the sensitivity analysis excluding those using antihypertension and/or heart medication
on a daily basis (n = 14) the majority of the obtained results were numerically and statistically
similar to the results for the entire randomized population (Table 2). Additionally, the sensitiv-
ity analysis excluding participants reporting daily use of cholesterol and/or hormone medica-
tion (n = 12) showed results numerically and statistically similar to those for the randomized
population (Table 2). Similar results both when including and excluding those participants
using medication, which might have an impact on the results implies the roboustness of the
results.
Altogether, almost one fourth of the study population was excluded from testing possibly
leading to a differential selection bias towards better outcomes in a more healthy population.
On the other hand, the larger benefits in terms of enhanced cardiorespiratory fitness appeared
among those with medication for pre-existing hypertension or heart disease. Due to the rather
small numbers of observations in the ABP measurements, these results may be considered sup-
plementary to the results of the resting BP. However, the same directions of the estimates of
change were confirmed by the ABP and using both measurements of resting and ambulatory
BP strengthens the validity of the BP findings. It may be considered limitations that no attempt
was done to provide the economical cost benefit or that the intensity of the aerobic exercise
were not collected from 4 to 12-months follow-up.
Practical implications
Intervention studies among cleaners evaluating the long term effect are scarce maybe because
the group presents a number of well-known challenges for adherence and compliance. This
emphasizes the importance of reporting all carefully collected data from the present study to
inform future studies.
Cleaners suffer from an increased risk of CVD [7,8], that may partly be explained by a low
cardiorespiratory fitness and high aerobic workload [24]. Previous research has concluded that
the combination of a low cardiorespiratory fitness and high levels of OPA increase the risk of
CVD [19,20]. In this study, the objective measurements revealed that more than half (51%) of
the participants exceeded recommended levels of relative aerobic workload during working
hours at baseline [10]. The effects of this aerobic exercise worksite intervention were significant
reductions of the relative aerobic workload during working hours at 4-months [10] that was
maintained in the 12-months follow-up despite less supervised aerobic exercise sessions. The
previously reported adverse effects on 4-months follow-up on resting and ambulatory BP
[10,23] were not present at 12-months follow-up among the randomized population (Table 2).
However, the analysis stratified on relative aerobic workload at baseline revealed that those
exposed to a high relative aerobic workload seems to obtain a notable adverse effect on resting
and ambulatory BP. Hence, there is a need for more knowledge concerning the effects of aero-
bic exercise related to risk of CVD among occupational groups exposed to high OPA and aero-
bic workloads exceeding the international recommendations [72]. Hence, initiatives for safely
reductions of aerobic workload and cardiovascular risk among high-risk occupational groups
with high level of occupational physical activity are recommended [20,73].
Conclusion
Based on a cluster-randomized design and objective diurnal data, this study showed signifi-
cantly increased cardiorespiratory fitness, decreased RHR, aerobic workload and hsCRP. No
changes between-groups were seen in SHR and BP both when measured at rest and during 24
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hours. This indicates that the worksite aerobic exercise intervention among cleaners leads to
several beneficial effects, which is likely to lower the risk for CVD.
Despite of these general positive effects, the increased resting BP of 10.0 mmHg systolic and
3.4 mmHg diastolic following the intervention among the cleaners exposed to a high relative
aerobic workload may impose a significant adverse effect on CVD risk. Future studies are rec-
ommended to specifically investigare effects and physiological mechanisms of aerobic exercise
worksite intervention among workers exposed to high OPA and relative aerobic workloads
exceeding international recommendations.
Supporting Information
S1 File. CONSORT checklist.
(DOC)
S2 File. Protocol paper.
(PDF)
S3 File. Data set file.
(SAV)
Acknowledgments
The study is externally funded by The Danish Working Environment Research Fund (journal
number 20100019624/5).
We would like to thank the following: Data manager Lisbeth Nielsen for puzzling the data
into a joined comprehensive database; Statistician Hans Bay for supervision and counselling in
statistical modelling and analysis; Bio-technicians Anne Abildtrup, Ulla Tegner and Inge
Christiansen, who collected and analyzed all the blood samples; senior researcher; and Engi-
neer Jørgen H. Skotte, who ran all the observations of heart rate through the initial quality
steps and filters, thereby generating the raw data for analysis.
Author Contributions
Conceived and designed the experiments: AHMK PK KS MJ.
Performed the experiments:MKML.
Analyzed the data:MKML AH PK KS.
Wrote the paper:MK.
References
1. Li J, Loerbroks A, Angerer P (2013) Physical activity and risk of cardiovascular disease: what does the
new epidemiological evidence show? Curr Opin Cardiol 28: 575–583. doi: 10.1097/HCO.
0b013e328364289c PMID: 23928923
2. Søgaard K, Blangsted AK, Herod A, Finsen L (2006) Work Design and the Labouring Body: Examining
the Impacts of Work Organization on Danish Cleaners' Health. 581–604.
3. Krüger D, Louhevaara V, Nielsen J, Schneider T (1997) Risk Assesment and Preventive Strategies in
CleaningWork. Bremerhaven: Wirtschaftsverlag NW.
4. Unge J, Ohlsson K, Nordander C, Hansson GA, Skerfving S, Balogh I (2007) Differences in physical
workload, psychosocial factors and musculoskeletal disorders between two groups of female hospital
cleaners with two diverse organizational models. International Archives of Occupational and Environ-
mental Health 81: 209–220. PMID: 17564722
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 18 / 22
5. Korshøj M, Krustrup P, Jespersen T, Søgaard K, Skotte JH, Holtermann A (2013) A 24-h assessment
of physical activity and cardio-respiratory fitness among female hospital cleaners: a pilot study. Ergo-
nomics 56: 935–943. doi: 10.1080/00140139.2013.782427 PMID: 23586528
6. Søgaard K, Fallentin N, Nielsen J (1996) Work load during floor cleaning. The effect of cleaning meth-
ods and work technique. Eur J Appl Physiol Occup Physiol 73: 73–81. PMID: 8861672
7. Sjögren B, Fredlund P, Lundberg I, Weiner J (2003) Ischemic heart disease in female cleaners. Int J
Occup Environ Health 9: 134–137. PMID: 12848241
8. Zöller B, Li X, Sundquist J, Sundquist K (2012) Socioeconomic and occupational risk factors for venous
thromboembolism in Sweden: a nationwide epidemiological study. Thromb Res 129: 577–582. doi: 10.
1016/j.thromres.2011.07.050 PMID: 21868069
9. Karvonen MJ, Kentala E, Mustala O (1957) The effects of training on heart rate; a longitudinal study.
Ann Med Exp Biol Fenn 35: 307–315. PMID: 13470504
10. Korshøj M, Lidegaard M, Skotte JH, Krustrup P, Krause N, Søgaard K, et al. (2015) Does aerobic exer-
cise improve or impair cardiorespiratory fitness and health among cleaners? A cluster randomized con-
trolled trial. Scand J Work Environ Health 41: 140–152. doi: 10.5271/sjweh.3475 PMID: 25548798
11. Karlqvist L, Leijon O, Härenstam A (2003) Physical demands in working life and individual physical
capacity. Eur J Appl Physiol 89: 536–547. PMID: 12728324
12. Louhevaara V (1999) Job Demands and Physical Fitness. In: Karwowski W, MarrasWS, editors. The
Occupational ergonomics Handbook. CRC Press LLC, Boca Raton. pp. 261–273.
13. Krause N, Brand RJ, Kaplan GA, Kauhanen J, Malla S, Tuomainen TP, et al. (2007) Occupational phys-
ical activity, energy expenditure and 11-year progression of carotid atherosclerosis. Scandinavian Jour-
nal of Work Environment & Health 33: 405–424.
14. Krause N, Brand RJ, Arah OA, Kauhanen J (2015) Occupational physical activity and 20-year inci-
dence of acute myocardial infarction: results from the Kuopio Ischemic Heart Disease Risk Factor
Study. Scand JWork Environ Health 41: 124–139. doi: 10.5271 PMID: 25599524
15. Glagov S, Zarins C, Giddens DP, Ku DN (1988) Hemodynamics and Atherosclerosis—Insights and
Perspectives Gained from Studies of Human Arteries. Archives of Pathology & Laboratory Medicine
112: 1018–1031.
16. Blair SN, Kampert JB, Kohl HW, Barlow CE, Macera CA, Paffenbarger RS, et al. (1996) Influences of
cardiorespiratory fitness and other precursors on cardiovascular disease and all-cause mortality in men
and women. Jama-Journal of the American Medical Association 276: 205–210.
17. Aspenes ST, Nilsen TI, Skaug EA, Bertheussen GF, Ellingsen O, Vatten L, et al. (2011) Peak oxygen
uptake and cardiovascular risk factors in 4631 healthy women and men. Med Sci Sports Exerc 43:
1465–1473. doi: 10.1249/MSS.0b013e31820ca81c PMID: 21228724
18. Holtermann A, Mortensen OS, Burr H, Søgaard K, Gyntelberg F, Suadicani P (2009) The interplay
between physical activity at work and during leisure time—risk of ischemic heart and all-cause mortality
in middle-aged Caucasian men. Scandinavian Journal of Work Environment and Health 35: 466–474.
19. Clays E, Lidegaard M, De BD, Van HK, De BG, Kittel F, et al. (2014) The combined relationship of occu-
pational and leisure-time physical activity with all-cause mortality among men, accounting for physical
fitness. Am J Epidemiol 179: 559–566. doi: 10.1093/aje/kwt294 PMID: 24305575
20. Holtermann A, Mortensen OS, Burr H, Søgaard K, Gyntelberg F, Suadicani P (2010) Physical demands
at work, physical fitness, and 30-year ischaemic heart disease and all-cause mortality in the Copenha-
gen Male Study. Scandinavian Journal of Work Environment and Health 36: 357–365.
21. Holtermann A, Marott JL, Gyntelberg F, Søgaard K, Suadicani P, Mortensen OS, et al. (2012) Occupa-
tional and leisure time physical activity: risk of all-cause mortality and myocardial infarction in the
Copenhagen City Heart Study. A prospective cohort study. BMJ Open 2: e000556. doi: 10.1136/
bmjopen-2011-000556 PMID: 22331387
22. Korshøj M, Ravn MH, Holtermann A, Hansen AM, Krustrup P (2015) Aerobic exercises reduce bio-
markers related to cardiovascular risk among cleaners.—Effects of a worksite intervention RCT. Int
Arch Occup Environ Health. 2015 Jul 3. [Epub ahead of print].
23. Korshøj M, Krause N, Clays E, Søgaard K, Krustrup P, Holtermann A (2015) Does aerobic exercise
increase 24-hour ambulatory blood pressure among workers with high occupational physical activity?
—A randomized controlled trial. Submitted.
24. Korshøj M, Krustrup P, Jørgensen MB, Prescott E, Hansen AM, Kristiansen J, et al. (2012) Cardiorespi-
ratory fitness, cardiovascular workload and risk factors among cleaners; a cluster randomized worksite
intervention. BMC Public Health 12: 645. doi: 10.1186/1471-2458-12-645 PMID: 22888833
25. Davies CTM, Knibbs AV (1971) The training stimulus. The effects of intensity, duration and frequency
of effort on maximum aerobic power output. Int Z angew Physiol Arbeitsphysiol 29: 299–305.
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 19 / 22
26. Bartholomew LK, Parcel GS, Kok G (1998) Intervention mapping: a process for developing theory- and
evidence-based health education programs. Health Educ Behav 25: 545–563. PMID: 9768376
27. O´Brien E, Waeber B, Parati G, Staessen J, Myers M (2001) Blood pressure measuring devices: rec-
ommendations of the European Society of Hypertension. British Journal of Sports Medicine 322: 531–
536.
28. Saltin B, Grimby G (1968) Physiological analysis of middle-aged and old former athletes. Comparison
with still active athletes of the same ages. Circulation 38: 1104–1115. PMID: 5721960
29. Bjørner JB, Wallenstein GV, Martin MC, Lin P, Blaisdell-Gross B, Tak PC, et al. (2007) Interpreting
score differences in the SF-36 Vitality scale: using clinical conditions and functional outcomes to define
the minimally important difference. Curr Med Res Opin 23: 731–739. PMID: 17407629
30. Canoy D (2008) Distribution of body fat and risk of coronary heart disease in men and women. Current
Opinion in Cardiology 23: 591–598. doi: 10.1097/HCO.0b013e328313133a PMID: 18830075
31. Han TS, Sattar N, Lean M (2006) ABC of obesity. Assessment of obesity and its clinical implications.
BMJ 333: 695–698. PMID: 17008674
32. Aadahl M, Zacho M, Linneberg A, Thuesen BH, Jørgensen T (2013) Comparison of the Danish step
test and the watt-max test for estimation of maximal oxygen uptake: the Health2008 study. Eur J Prev
Cardiol 20: 1088–1094. doi: 10.1177/2047487312462825 PMID: 23022702
33. Barreira TV, Kang M, Caputo JL, Farley RS, Renfrow MS (2009) Validation of the Actiheart Monitor for
the Measurement of Physical Activity. International Journal of Exercise Science 2: 60–71.
34. Assah FK, Ekelund U, Brage S, Wright A, Mbanya JC, WarehamNJ (2011) Accuracy and validity of a
combined heart rate and motion sensor for the measurement of free-living physical activity energy
expenditure in adults in Cameroon. Int J Epidemiol 2011 Feb; 40(1):112–20. doi: 10.1093/ije/dyq098
PMID: 20529884
35. Kristiansen J, Korshøj M, Skotte JH, Jespersen T, Søgaard K, Mortensen OS, et al. (2011) Comparison
of two systems for long-term heart rate variability monitoring in free-living conditions—a pilot study. Bio-
medical Engineering Online 10.
36. Brage S, Brage N, Franks PW, Ekelund U, Wareham NJ (2005) Reliability and validity of the combined
heart rate and movement sensor Actiheart. Eur J Clin Nutr 59: 561–570. PMID: 15714212
37. Skotte J, Korshøj M, Kristiansen J, Hanisch C, Holtermann A (2014) Detection of physical activity types
using triaxial accelerometers. J Phys Act Health 11: 76–84. doi: 10.1123/jpah.2011-0347 PMID:
23249722
38. Ingebrigtsen J, Stemland I, Christiansen C, Skotte J, Hanisch C, Krustrup P, et al. (2013) Validation of a
commercial and custommade accelerometer-based software for step count and frequency during walk-
ing and running. Journal of Ergonomics 3.
39. Baumgart P, Kamp J (1998) Accuracy of the SpaceLabs Medical 90217 ambulatory blood pressure
monitor. Devices and Technology 3: 303–307.
40. Clays E, Leynen F, De Bacquer D, Kornitzer M, Kittel F, Karasek R, et al. (2007) High job strain and
ambulatory blood pressure in middle-aged men and women from the Belgian Job Stress Study. J
Occup Environ Med 49: 360–367. PMID: 17426519
41. Clays E, De BD, Van HK, De BG, Kittel F, Holtermann A (2012) Occupational and leisure time physical
activity in contrasting relation to ambulatory blood pressure. BMC Public Health 12: 1002. doi: 10.
1186/1471-2458-12-1002 PMID: 23164344
42. Garde AH, Hansen AM, Skovgaard LT, Christensen JM (2000) Seasonal and biological variation of
blood concentrations of total cholesterol, dehydroepiandrosterone sulfate, hemoglobin A(1c), IgA, pro-
lactin, and free testosterone in healthy women. Clin Chem 46: 551–559. PMID: 10759480
43. Christensen SL, Anglov JTB, Christensen JM, Olsen E, Poulsen OM (1993) Application of a new AMI-
QAS computer program for integrated quality control, method evaluation and proficiency testing. Frese-
nius Journal of Analytical Chemistry 343–350.
44. Hansen AM, Garde AH, Eller NH (2007) Estimation of individual reference intervals in small sample
sizes. Int J Hyg Environ Health 210: 471–478. PMID: 17270494
45. Westgard JO, Barry PL, Hunt MR, Groth T (1981) A multi-rule Shewhart chart for quality control in clini-
cal chemistry. Clin Chem 27: 493–501. PMID: 7471403
46. Tanaka H, Monahan KD, Seals DR (2001) Age-predicted maximal heart rate revisited. Journal of the
American College of Cardiology 37: 153–156. PMID: 11153730
47. Brage S, Brage N, Franks PW, Ekelund U, Wong MY, Andersen LB, et al. (2004) Branched equation
modeling of simultaneous accelerometry and heart rate monitoring improves estimate of directly mea-
sured physical activity energy expenditure. J Appl Physiol 96: 343–351. PMID: 12972441
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 20 / 22
48. White IR, Carpenter J, Horton NJ (2012) Including all individuals is not enough: lessons for intention-to-
treat analysis. Clin Trials 9: 396–407. doi: 10.1177/1740774512450098 PMID: 22752633
49. Altman DG (2009) Missing outcomes in randomized trials: adressing the dilemma. Open Medicine 3:
51–53.
50. Shimaoka M, Hiruta S, Ono Y, Nonaka H, Hjelm EW, Hagberg M (1998) A comparative study of physi-
cal work load in Japanese and Swedish nursery school teachers. Eur J Appl Physiol Occup Physiol 77:
10–18. PMID: 9459515
51. Jørgensen K (1985) Permissible Loads Based on Energy-Expenditure Measurements. Ergonomics
28: 365–369. PMID: 3996374
52. Pohjonen T, Ranta R (2001) Effects of worksite physical exercise intervention on physical fitness, per-
ceived health status, and work ability among home care workers: five-year follow-up. Prev Med 32:
465–475. PMID: 11394950
53. Härmä MI, Ilmarinen J, Knauth P, Rutenfranz J, Hanninen O (1988) Physical training intervention in
female shift workers: I. The effects of intervention on fitness, fatigue, sleep, and psychosomatic symp-
toms. Ergonomics 31: 39–50. PMID: 3359987
54. Proper KI, Koning M, Van der Beek AJ, Hildebrandt VH, Bosscher RJ, Van Mechelen W (2003) The
effectiveness of worksite physical activity programs on physical activity, physical fitness, and health.
Clin J Sport Med 13: 106–117. PMID: 12629429
55. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL (2009) Meta-analysis of workplace physical
activity interventions. Am J Prev Med 37: 330–339. doi: 10.1016/j.amepre.2009.06.008 PMID:
19765506
56. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. (2009) Cardiorespiratory fitness as a
quantitative predictor of all-cause mortality and cardiovascular events in healthy men and women: a
meta-analysis. JAMA 301: 2024–2035. doi: 10.1001/jama.2009.681 PMID: 19454641
57. Nauman J, Aspenes ST, Nilsen TIL, Vatten LJ, Wisløff U (2012) A prospective population study of rest-
ing heart rate and peak oxygen uptake (the HUNT Study, Norway). PloS one 7: e45021. doi: 10.1371/
journal.pone.0045021 PMID: 23028740
58. Cooney MT, Vartiainen E, Laatikainen T, Juolevi A, Dudina A, Graham IM (2010) Elevated resting heart
rate is an independent risk factor for cardiovascular disease in healthy men and women. Am Heart J
159: 612–619. doi: 10.1016/j.ahj.2009.12.029 PMID: 20362720
59. Aladin AI, Whelton SP, Al-Mallah MH, Blaha MJ, Keteyian SJ, Juraschek SP, et al. (2014) Relation of
resting heart rate to risk for all-cause mortality by gender after considering exercise capacity (the Henry
Ford exercise testing project). Am J Cardiol 114: 1701–1706. doi: 10.1016/j.amjcard.2014.08.042
PMID: 25439450
60. Ilmarinen J, Tuomi K, Klockars M (1997) Changes in the work ability of active employees over an 11-
year period. Scand J Work Environ Health 23 Suppl 1: 49–57. PMID: 9247995
61. WuHC,Wang MJJ (2002) Relationship between maximum acceptable work time and physical work-
load. Ergonomics 45: 280–289. PMID: 12028725
62. Sukhova GK, Schonbeck U, Rabkin E, Schoen FJ, Poole AR, Billinghurst RC, et al. (1999) Evidence
for increased collagenolysis by interstitial collagenases-1 and -3 in vulnerable human atheromatous
plaques. Circulation 99: 2503–2509. PMID: 10330380
63. Groeneveld IF, Proper KI, Van der Beek AJ, Hildebrandt VH, van MW (2010) Lifestyle-focused inter-
ventions at the workplace to reduce the risk of cardiovascular disease—a systematic review. Scand J
Work Environ Health 36: 202–215. PMID: 20066386
64. Okita K, Nishijima H, Murakami T, Nagai T, Morita N, Yonezawa K, et al. (2004) Can exercise training
with weight loss lower serum C-reactive protein levels? Arterioscler Thromb Vasc Biol 24: 1868–1873.
PMID: 15284086
65. Loprinzi P, Cardinal B, Crespo C, Brodowicz G, Andersen R, Sullivan E, et al. (2013) Objectively mea-
sured physical activity and C-reactive protein: National Health and Nutrition Examination Survey 2003–
2004. Scand J Med Sci Sports 23: 164–170. doi: 10.1111/j.1600-0838.2011.01356.x PMID: 21812825
66. Plaisance EP, Grandjean PW (2006) Physical activity and high-sensitivity C-reactive protein. Sports
Med 36: 443–458. PMID: 16646631
67. Kasapis C, Thompson PD (2005) The effects of physical activity on serum C-reactive protein and
inflammatory markers: a systematic review. J Am Coll Cardiol 45: 1563–1569. PMID: 15893167
68. Kaptoge S, Di AE, Lowe G, Pepys MB, Thompson SG, Collins R, et al. (2010) C-reactive protein con-
centration and risk of coronary heart disease, stroke, and mortality: an individual participant meta-anal-
ysis. Lancet 375: 132–140. doi: 10.1016/S0140-6736(09)61717-7 PMID: 20031199
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 21 / 22
69. de KL, Merchant AT, Pogue J, Anand SS (2007) Waist circumference and waist-to-hip ratio as predic-
tors of cardiovascular events: meta-regression analysis of prospective studies. Eur Heart J 28: 850–
856. PMID: 17403720
70. Detry MA, Lewis RJ (2014) The intention-to-treat principle: how to assess the true effect of choosing a
medical treatment. JAMA 312: 85–86. doi: 10.1001/jama.2014.7523 PMID: 25058221
71. Twisk J, de BM, de VW, Heymans M (2013) Multiple imputation of missing values was not necessary
before performing a longitudinal mixed-model analysis. J Clin Epidemiol 66: 1022–1028. doi: 10.1016/
j.jclinepi.2013.03.017 PMID: 23790725
72. Bonjer FH (1971) Encyclopedia of Occupational Health and Safety. Geneva: International Labour
Organisation: 460 p.
73. Krause N (2010) Physical activity and cardiovascular mortality—disentangling the roles of work, fitness,
and leisure. Scand JWork Environ Health 1–7.
Long Term Effects of Aerobic Exercise on CVD Risk among Cleaners
PLOS ONE | DOI:10.1371/journal.pone.0158547 August 11, 2016 22 / 22
